small cohort of patients who had undergone arthroplasty for the treatment of post-ACDF new or recurrent neck/arm symptoms corresponding to adjacent-level degeneration confirmed on MRI. In this paper, we present our initial experience with such patients.
Methods
A total of 11 patients (9 men and 2 women) were identified who had undergone ACDF procedures previously and had subsequently been treated with arthroplasty for ASD in our department between 2009 and 2015. Data on these cases were obtained from a review of the patients' medical records. The patients' age at the time of arthroplasty ranged from 37 to 64 years. The fusion surgeries performed earlier included plate placement in 3 patients while the other patients underwent ACDF procedures without instrumentation. A summary of the patients' demographic and clinical characteristics is presented in Table 1 .
These patients belonged to a small subgroup who had prior cervical fusion surgeries and had recurrent debilitating arm/neck pain that was not relieved with many years of conservative/nonoperative therapy and which was significantly affecting their quality of life. The option of arthroplasty was offered to these patients after confirmation of radiographic evidence of significant cervical adjacentsegment disc degeneration, with no instability or facetal degeneration or canal stenosis. All surgeries were performed by the senior author (D.V.R.).
Preoperative cervical imaging with MRI and radiography (including dynamic studies) was performed routinely. Surgery was suggested when significant degeneration and neural compression were observed at levels adjacent to previously fused segments. Normally, these patients would have qualified for and been offered a second ACDF procedure. Exclusion criteria included significant kyphosis, severe multilevel spondylotic disc degeneration, and spinal cord injury with possible instability, A detailed neurological examination was performed preoperatively in all cases. Clinical evaluation was performed both before and after surgery, and visual analog scale (VAS) pain and the Neck Disability Index (NDI) scores were obtained at both time points. Radiological outcomes were analyzed using pre-and postoperative flexion/extension lateral radiographs measuring Cobb angle (overall cervical sagittal alignment expressed as the C2-7 angle), functional spinal unit (FSU) angle, and range of motion (ROM). Kyphosis was represented by a negative value and lordosis by a positive value.
Standard operative techniques were used as described elsewhere. 20 After induction of general anesthesia, surgery was performed in the neutral supine position under fluoroscopic guidance. No collar therapy was necessary postoperatively. The patients were given analgesics and 3 doses of antibiotics on the day after surgery. Postoperative evaluations incorporated the same clinical and radiological evaluations that were performed preoperatively.
Statistical analysis was performed using Wilcoxon's test for clinical assessments and paired t-tests for radiological assessments. A probability value less than 0.05 was regarded as significant.
Results
A total of 15 artificial discs (Prestige LP, Medtronic) were inserted at the level of cervical disc degeneration adjacent to the index fusion in 11 patients. The number of levels treated with arthroplasty in any given patient ranged from 1 to 3 (Table 1 ). There were no major perioperative complications, immediate device-related failures, or neurological injuries. Minor complications included mild dysphagia in 1 patient and hoarseness of voice in another, both of which were found to have fully resolved at subsequent follow-up. Arthroplasty was not converted to a fusion procedure intraoperatively in any of the 11 cases, and no patient required any reoperation at the same level during follow up. Normal motion was maintained at the most recent follow-up evaluation in all cases.
The overall mean duration of follow-up was 14.5 months (range 1-38 months, see Table 5 for duration of follow-up for each patient). Three patients (each with only 1 treated level) were lost to follow-up at less than 1 year after arthroplasty.
The results of analysis of preoperative and postoperative clinical and radiographic values are represented in Table 2 and Table 3 , respectively. 
Clinical Analysis
After arthroplasty, pain was reduced overall, as reflected by an improvement in the mean VAS score from 6.18 preoperatively to 2.18 in the immediate postoperative period (n = 11) and further reduction to 0.87 (n = 8) at 1 year's follow-up (p < 0.0001). The mean NDI score improved from 58.7 to 22.6 in the immediate postoperative period (n = 11) and then to 14.25 at 1 year after surgery (n = 8), which was also a statistically significant change (p < 0.0001). The preoperative and final follow-up mean scores are also represented in Fig. 1 .
Radiological Analysis
Quantitative analysis of imaging findings obtained in the entire group (Table 4) showed substantial differences in pre-and postoperative sagittal alignment in the neutral position as measured by the mean Cobb angle (from C-2 to C-7), suggesting that preoperative sagittal balance was not only preserved but even enhanced after arthroplasty.
The mean cervical ROM improved significantly after surgery (mean 5.14° vs 7.56° for preoperative and immediate postoperative ROM, respectively, at 15 levels in 11 patients, p < 0.01), suggesting that the artificial disc replacement provided for additional "lost" movement at the degenerated disc level, thereby contributing to the overall Cobb angle and an improved sagittal balance.
Radiological follow up at 1-year was available for 8 patients. Comparison of the mean ROM at the treated levels in these patients (12 levels in 8 patients) at 1 year after arthroplasty was not significantly different from the mean value for immediate postoperative ROM (based on 15 levels in 11 patients) (p = 0.81, Table 5 ). One patient had 3 years of follow-up with no deterioration in ROM. 
FIG. 1.
Graphs showing the mean VAS (left) and NDI (right) pain scores before arthroplasty (n = 11) and 1 year after arthroplasty (n = 8). Error bars indicate SDs.
There was no statistically significant improvement in the mean FSU angle (p = 0.64 for comparison of preoperative and immediate postoperative values), probably due to the involvement of adjacent fused levels and varying numbers of fused segments.
An illustrative example of the various radiological measurements is represented in Fig. 2 .
Discussion
Surgical management of ASD is a highly controversial topic, with both anterior and posterior approaches showing excellent results. 16 While the number of ACDF surgeries for treatment of primary cervical disc degeneration shows an ever-rising trend, there is also a concomitant increase in the associated phenomenon of ASD-with studies showing a prevalence of approximately 25% at 10 years after surgery. 10, 24 Furthermore, almost 15% of patients require a second surgery, with some reports of even a third surgery following treatment with a second ACDF. 4 This suggests that ASD is an ongoing process due to altered biomechanics of the spine, probably closely related to the natural history of disc degeneration per se and further accentuated by iatrogenic intervention. 1, 10, 16 With the option of arthroplasty, there is a theoretical assumption that reconstructing normal or near normal spinal biomechanics should diminish chances of further spinal degeneration and thus the development of ASD. 2, 3, [6] [7] [8] 11, 15, 18, 19, 21, 23 Our study provides evidence supporting the hypothesis that arthroplasty may indeed be an alternative solution in a certain carefully selected cohort of ASD patients in whom conservative therapy has failed. Our results show that adequate decompression can be achieved along with improvement in the overall sagittal profile (as seen by an increase in cervical lordosis) due to an increase in the disc space angle and ROM at the treated level.
Conclusions
Arthroplasty for ASD following cervical fusion provides an alternative option for treatment in this subset of patients, raising the possibility of preserving motion in patients who otherwise would have undergone a fusion procedure. It may be reserved for those who 1) have debilitating pain significantly affecting their daily life and 2) have followed a regimen of conservative treatment for many months without adequate relief.
The current study was performed as a pilot proof of concept study and demonstrates good clinical and radiological results in treating ASD with arthroplasty. Further studies with longer follow-up and larger sample sizes are The mean duration of follow-up was 14.5 months. There was no statistically significant difference (p = 0.81) between the mean ROM at 1 year after arthroplasty (based on 12 treated levels in 8 patients) and the mean ROM immediately after arthroplasty (based on 15 treated levels in 11 patients).
required to determine whether such a procedure will be beneficial in the long term.
